The Nuclear Data and Measurements Series presents results of studies in the field of microscopic nuclear data. The primary objective is the dissemination of information in the comprehensive form required for nuclear technology applications. This Series is devoted to: a) Measured microscopic nuclear parameters, b) Experimental techniques and facilities employed in data measurements, c) The analysis, correlation and interpretation of nuclear data, and d) The evaluation of nuclear data. Contributions to this Series are reviewed to assure a high technical excellence and, unless otherwise stated, the contents can be formally referenced. This Series does not surplant formal journal publication but it does provide the more extensive information required for technological applications (e.g. tabulated numerical data) in a timely manner. Titanium is a potential structural material in applied neutronic systems particularly those based upon the fusion process and where weight is a consideration. Furthermore, an understanding of detailed resonance structure is critical to the calculation of deep neutron penetration through bulk media. The neutron energy range 0.1-1.5 ?.eV can be particularly difficult when the bulk material consists primarily of medium weight nuclei where the corresponding resonance structure is often not explicitly defined by experiments and therefore must be estimated from the statistical understanding of the processes. For the above reasons neutron total and elastic and inelastic scattering cross sections have been measured in the incident neutron energy interval 0.1-1.5 HeV with particular attention to cross section definition and energy resolution. The results were compared with the predictions of optical, and ccupled-channel models of the energy-average cross sections. The observed cross section fluctuations were compared with those calculated from a statistical R-matrix model generated from spherical optical and coupled-channel model parameters. The experiaental results and the associated physical interpretations were utilized to improve the widely used ENDF/B [3] evaluated nuclear data file.
l. INTRODUCTION
Good resolution neutron cross sections of titanium to incident energies of £ 1.5 HeV are of Interest in applied neutronic calculations and for their implications in basic nuclear physics.
Titanium is a potential structural material in applied neutronic systems particularly those based upon the fusion process and where weight is a consideration. Furthermore, an understanding of detailed resonance structure is critical to the calculation of deep neutron penetration through bulk media. The neutron energy range 0.1-1.5 ?.eV can be particularly difficult when the bulk material consists primarily of medium weight nuclei where the corresponding resonance structure is often not explicitly defined by experiments and therefore must be estimated from the statistical understanding of the processes.
The Of further interest is the fact that the excitation of the first 2+ (0.984 HeV) state of '••ii by charged particle bombardsent proceeds appreciably through direct excitation of the vlbrational (4) properties of the nucleus [2] . A detailed examination of the high resolution neutron cross sections should reveal a similar direct component in the neutron induced processes.
For the above reasons neutron total and elastic and inelastic scattering cross sections have been measured in the incident neutron energy interval 0.1-1.5 HeV with particular attention to cross section definition and energy resolution. The results were compared with the predictions of optical, and ccupled-channel models of the energy-average cross sections. The observed cross section fluctuations were compared with those calculated from a statistical R-matrix model generated from spherical optical and coupled-channel model parameters. The experiaental results and the associated physical interpretations were utilized to improve the widely used ENDF/B [3] evaluated nuclear data file.
II. EXPERIMENTAL METHODS
The experimental samples were cylinders of high purity natural titanium aetal with neutrons incident on the bases or lateral surfaces in the total cross section or scattering measurements, respectively. All cross sections were determined in the units of barns per atom of the natural element.
The total neutron cross ssctions were deduced from the measured neutron transmissions through the samples. Both monoenergetic and pseudo-white source techniques were employed [4J. Attention was given to backgrounds and other experimental perturbations in order to minimize their effects. The validity of the experimental method was verified by determining the well-known total neutron cross sections of carbon [5] , All of the elastic and inelastic neutron scattering measurements employed fast neutron time-of-flight techniques [6] and all scattering cross sections were determined relative to the known differential clastic scattering cross sections of carbon [7] . The measured results were corrected for incident beam attenuation and multiple-event effects using Monte Carlo calculational procedures [8] .
C5)
The total cross section, elastic scattering and "broad" resolution inelastic scattering measurements were made at Argonne. The "good" resolution inelastic neutron scattering cross sections were determined at Pelindaba. The details of the apparatus employed at the two laboratories are given in Ref. 9.
III. EXPERIMENTAL RESULTS

A. Total Neutron Cross Sections
Total neutron cross sections were determined from monoenergetic source measurements over the neutron energy ranges 0.1-O.45 MeV and 1.025-1.475 MeV with incident energy resolutions of % 2 keV. The absolute energy scale was determined from known reaction thresholds (e.g. the 7 Li(p,n) 7 25 and 155 degrees. The incident neutron resolution was % 20 keV and the scattered neutron resolution sufficient to resolve the elastic contribution from all reported inelastic components. The measurements were aade in a random manner over a period of six years using both single-detector and ten-detector systems. With the latter apparatus measurements made at different scattering angles employed independent measurement systems. The measured differential cross sections were least-square fitted with the expression where a (the elastic cross section) and W Q coefficients were deduced from the fitting procedure and the F n were Legendre polynomials expressed in the laboratory coordinate system. The fitting procedure was based only on the measured data with no additional constraints. The uncertainties in the measured differential cross sections were estimated to be % 15X and those of the angle-integrated elastic scattering cross sections % 8Z. These estimates were inclusive of systematic effects such as those associated with the carbon reference standard. The fit of Eq.(l) was descriptive of the measured values throughout the measured angulai range and results obtained at slightly different scattering angles and/or incident energies were readily comparable when expressed in the format of Eq.(l). However, the fitted curve should be used with caution when extrapolating the experimental values beyond the measured angular interval though the fits were generally consistent with "Wick's Limit" [13] The even-isotopes of titanium are deformed with 2+ vibrational first excited states. 0£ these the 984 keV state in <f8
Ti was the major contributor to the observed inelastic neutron scattering. The effect of the deformation on the inelastic excitation of these vibrational states was examined using an ellipsoidal optical potential with two-channel coupling and a 62 = °-25 [23] . Generally, the elastic angular distributions calculated with the ellipsoidal form of the "selected" potential of Table 1 were used. Above 10.0 HeV die measured values were extrapolated with model calculations using the potential described above normalized to experimental values at 10.0 MeV. Where necessary the measured total cross sections were linearly interpolated in energy so as to assure that the energies of the partial cross sections were a sub-set of the total cross section energies. The resulting total cross section is indicated in Fig. 11. 
B. Elastic Neutron Scattering Cross Sections
The elastic scattering cross section was calculated directly from the evaluated total cross section (above) and the non-elastic scattering cross section. The non-elastic cross section was constructed from the various partial cross sections and linearly interpolated to the more detailed energies of the total cross section file. Where necessary partial cross sections of ENDF/B, MAT-1016 were used. In this manner, the resulting evaluated elastic cross section retained the detail of the high-resolution total cross section file and maintained internal consistency. When averaged over corresponding energy increments the evaluated elastic scattering cross sections were in good agreement with those measured in the present work. The resulting elastic scattering cross section of the modified file is shown in Fig. 11 . 
D. Other Exit Channels
Radiative capture cross sections, (n;x) reaction cross sections where x ¥ neutron and (n;2n) cross sections were retained from the original evaluation without modification as the present experimental results did not directly define these quantities. These reaction cross sections were incorporated in the non-elastic cross section utilized in the derivation of the elastic cross section outlined above. Where necessary various partial cross sections were interpolated in energy and magnitude in a linear manner. 
